Classification of the legume root-nodulating bacteria has undergone major revisions and improvements in recent years (20) . In particular, polyphasic taxonomy, which involves techniques that have various powers of discrimination, has been used, and the use of this method has resulted in a greater understanding of the complex intra-and intergeneric relationships of Rhizobiian and Bradyrhizobiuni species (for a review see reference 17) . In addition to the genera Rhizobium and Bradyrhizobium, a third genus, Azorhizobium, with the single species Azorhizobiuni cadinodans, was created by Dreyfus et al. (14) for stem-nodulating strains isolated from Sesbariia rostrata; a second genotypic group in this genus was subsequently described (35, 36) .
Within the genus Rhizobium the following three species were described by Jordan in 1984 (20) : Rhizobium meliloti, Rhizobium loti, and type species Rlzizobiuni legimirtosanan, containing three biovars. Since then five other species have been created: Rhizobium galegae for isolates obtained from Galega oficinalis and Galega oiientalis (26) , Rhizobiunz huakuii for strains obtained from Astragalus sinicus (4) , Rhizobium tropici for the former R. leguminosarunz biovar phaseoli type II strains (30) , Rhizobium etli for the R. leguminosaruin biovar phaseoli type I strains (39) , and Rhizobium fredii for the fast-growing soybean-nodulating strains (38) . R. fredii has been assigned to the genus Sinorhizobium (5) , and a second species, Sinorhizobium xinjiangeizsis, has been proposed for fast-gruwing soybean-nodulating isolates obtained from the Xinjiang region in the People's Republic of China. The phylogenetic distinctness of the genus Sinorhizobium and the species status of Sinorhizobium xinjinizgensis have been questioned on the basis of the results of rRNA studies (18, 19) . All Rhizobium species belong to the alpha subclass of the Proteobacteria, where they constitute a single rRNA cluster together with Agrobacterium, Brucella, and Rochalinzaea spp. (14, 19, 44, 46, 47) . Within this rRNA cluster different groups can be differentiated; one of these groups is the Agrobacterizint-Rlzizobiuili group. Within this group R. legirminosaium, R. tropici, R. etli, and Agrobacterium biovar 2 constitute one subgroup (39, 44, 47) . R. galegae constitutes a second subgroup together with Agrobacteriurn biovar 1, Agrobacterium vitis, and Apobacteiiuni nibì. R. meliloti and R. fredii are the members of a third subgroup, while R. loti and R. huakuii form a fourth sublineage (44, 46, 48) . In the near future revision of the classification and nomenclature of these genera will be unavoidable. Recently, Sawada et al. (37) proposed that Agrobacterium biovars 1 and 2 should have species status; they proposed that the name Agrobacteiirini tumefacieiis should be rejected and provided revised descriptions for Agrobacterium radiobacter (for the biovar 1 strains) and Agobacterium rliizoEeiies (for the biovar 2 strains). In this proposal Agrobacterium radiobacter became the type species of the genus Agrobacteifunz. In a request for a Judicial Opinion concerning the type species of the genus Agrobacterium, Bouzar (2) emphasized that Sawada et al. (37) did not take into account key judicial elements in Agrobacterium nomenclature, and Sawada et al. agreed with this request (2) . As long as this request has not been considered, we shall use the Agrobacterium nomenclature used by Kersters and De Ley (21) .
Most taxonomic work performed to date has been focused on strains that nodulate agriculturally important legumes. Other tropical rhizobia have been studied only sparsely, especially tropical rhizobia isolated from leguminous trees. Previous studies revealed that Acacia species are nodulated by Rhizobium and/or Bradyrhizobium strains ( E ) , while Sesbanin species are nodulated by Rhizobium andlor Azorhizobium strains (14) . Isolates obtained from 36 Sesbania and Acacia species were grouped into three phenotypic clusters by Dreyfus et al. (14) . By performing a numerical phenotypic analysis, Zhang et al. (49) showed that rhizobia isolated from root nodules of Acacia senegal and Prosopis chilienisis in Sudan are very diverse and can be placed in at least eight clusters that are distinct from previously described Rhizobium species. Moreira et al. (31) compared 180 slowly growing and fast-growing isolates obtained from nodules of tropical leguminous species in the Amazonian region and the Atlantic forests of Brazil with representatives of the different Bradyrhizobium species, Rhizobium species (except R. etli and R. huakuii), and Azorhizobium species by performing a sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) analysis of their total proteins. Within the fast-growing isolates Moreira et al. identified several clusters which differed from the previously described species.
In this paper we describe the results of a polyphasic study (which included SDS-PAGE of cellular proteins, auxanographic tests, host specificity tests, DNA-DNA hybridization and DNA-rRNA hybridization experiments, and 16s rRNA gene sequencing) of 52 strains isolated from Acacia spp. and Sesbania spp. in Senegal, ;West Africa. Reierence strains of Azorhizobium caulinodans, Bradyrhizobium japonicum, and different Rhizobium species were also included, together with representative strains of the different clusters of Brazilian rhizobia (31) . On the basis of our results we propose that R. meliloti be reclassified in the genus Sinorhizobium as Sinorhizobium meliloti comb. nov. In addition, two new species, Sinorhizobium saheli and Sinorhizobium teranga, are created for two taxa comprising the new Senegalese isolates.
MATERIALS AND METHODS
Bacterial strains. Rhizobia1 strains were isolated from naturally occurring Sesbania root nodules or from root nodules harvested from young seedlings of different Acacia species grown in tubes in the presence of a soil suspension as follows. Soil samples collected at depths of 5 to 20 crn in various regions of Senegal in the neighborhood of a particularAcacia sp. were screened for the presence of rhizobia1 strains by inoculating 5-to 8-day-old Acacia seedlings of the same species grown in Jensen slant agar tubes containing 1 ml of a soil suspension (lo%, wt/vol) that had been magnetically stirred for 30 min. Root nodules appeared after 1 to 3 weeks, and 2-week-old nodules were collected. The nodules were washed and immersed in 0.1% HgCl, for 5 min; after this the nodules were manipulated aseptically. Each nodule was rinsed eight times in sterile water and crushed in 1 drop of sterile water. The resulting suspension was streaked onto yeast mannitol agar (YMA) (see below), and isolated colonies appeared after incubation for 2 or 3 days at 33°C. Pure cultures were obtained after single colonies were streaked two or three times.
All of the strains which we used are shown in Table 1 . These strains were checked for purity by repeatedly streaking them on YMA and by examining living and Gram-stained cells with a microscope. When two stable colony morphology variants were obtained, both were included in the SDS-PAGE analysis, and these variants were designated tl and t2. The identities of the nodulating strains were checked by performing plant infection tests with the original host plants.
Type or representative strains of most Rhizobium species, B. japonicum, Bradyrhizobiurn elkanii, A-orhizobium caulinodans, and the various clusters of Brazilian rhizobia described by Moreira et al. (31) were included in this polyphasic study. R. huakuii was included only in the auxanographic tests because we obtained the type strain only recently. R. etli and S.
xinjiangensis were not included.
Growth and culture conditions. All Rhizobium and Bradyrhizobium strains were maintained on YMA, which contained (per liter) 10 g of mannitol, 0.5 g of sodium glutamate, 0.5 g of K2HP0,, 0.2 g of MgSO, * 7H,O, 0.05 g of NaCl, 0.04 g of CaCl,, 0.004 g of FeCl,, 1 g of yeast extract (Difco), and 20 g of agar; the pH of this medium was 6.8. Azorhizobium and Agrobacterium strains were maintained on yeast extract-peptone-glucose medium, which contained (per liter of 0.01 M phosphate buffer [pH 7.21) 5 g of peptone (Oxoid), 1 g of yeast extract (Oxoid), 5 g of beef extract (Oxoid), 5 g of sucrose, and 0.592 g of MgSO, 7H,O. All strains were stored at -80°C on the same medium on which they were maintained, except that the medium contained 20% (vol/vol) glycerol. Mycoplana, Ochrobactnim, and Phyllobacteriuni strains were maintained on nutrient agar, which contained (per liter) 1 g of beef extract (Oxoid), 2 g of yeast extract (Oxoid), 5 g of peptone (Oxoid), 5 g of NaCl, and 20 g of agar; the pH of this medium was 7.4.
Morphological and physiological tests. Cell dimensions and morphology were determined by phase-contrast microscopy. Cells of two or three representative strains of each group were negatively stained with phosphotungstic acid, and the type of flagellation was determined by transmission electron microsFour to eight representatives of each group were used to determine the maximum growth temperature of the taxon by inoculating them onto YMA plates and incubating the resulting cultures at various temperatures.
PAGE of total bacterial proteins. Most strains were grown at 28°C for 48 h (the exceptions were the bradyrhizobia, which were grown for 72 h) in Roux flasks on TY medium, which contained (per liter) 5 g of tryptone (Oxoid), 0.75 g of yeast extract (Oxoid), 0.454 g of KH,PO,, 2.388 g of Na,HPO, 12H,O, 1 g of CaCl,, and 20 g of agar (Lab M) (pH 6.8 to 7). Whole-cell protein extracts were prepared, and SDS-PAGE was performed by using the procedure of Laemmli (24) with slight modifications, as described previously (23) . The normalized densitometric traces of the protein electrophoretic patterns were grouped by performing a numerical analysis, using the GelCompar 2.2 software package (41) . The level of similarity between each pair of traces was expressed by the Pearson product moment correlation coefficient (Y), which for convenience was converted to a percentage (33, 34) .
Plant infection tests. Seeds were scarified and surface sterilized with concentrated sulfuric acid. The lengths of time that the seeds of the different plant species were treated with H,SO, were as follows: Acacia senegal, 14 min; Acacia albida, 30 min; Acacia seyal, 30 min; Acacia raddiana, 150 min; Sesbania rostmta, 30 to 60 min; Sesbania pubescens, 60 min; COPY (25)- Continurd ori following page Information is given only when it is known and/or meaningful. PAGE group of Moreira et al. (31) . In a second subculture of strain ORS 60gT (= LMG 7837=), two stable colony types were isolated. The protein profiles of these colony types were identical.
Sesbanin gnndiflorn, 60 min; Nepturtia olerncea, 30 min; and Lericaena lericocephala, 30 min. After acid treatment, the seeds were washed with water until all traces of acid were removed. The seeds were incubated so that they would germinate in sterile petri dishes on 1% water agar for 24 to 48 h and then were transferred to tubes containing Jensen seedling slant agar (42) for root nodulation trials (8 to 10 plants were routinely tested with each strain). Root nodules appeared ca. 10 to 20 days after inoculation, and 3 weeks later the nodules were fully developed. Auxanographic tests. API galleries (API 50CH, API 50AO and API 50AA; bioMérieux, Montalieu-Vercieu, France) were used to determine whether 147 organic compounds were utilized as sole carbon sources, as described previously (22) . Inocula were obtained from 36-h YMA slant cultures. After inoculation, the galleries were incubated at 30"C, and results were determined after 1,2,4, and 7 days. About 20 strains were included in duplicate on separate occasions to verify the reproducibility of the tests.
The results of the auxanographic tests were scored as described previously (22) . The levels of interstrain similarity (S) were calculated by using a similarity distance coefficient derived from the Canberra metric coefficient (dcanb) ( ! O ) , as follows: S = 100 X (1 -dCanb). A cluster analysis was performed by using the unweighted average pair group method (41), the Clustan 2.1 program of Wishart (49, and the Siemens model 7570-C computer of the Centraal Digitaal Rekencentrum, Universiteit Gent, Ghent, Belgium.
DNA base composition. Cells were grown for 2 to 3 days in Roux flasks on TY medium. High-molecular-weight DNA was prepared by the method of Marmur (28) . The guanine-pluscytosine (G+C) content of the DNA was determined by the thermal denaturation method (12) and was calculated by using the equation of Marmur and Doty (29) , as modified by De Ley (8) . DNA from Escherichia coli LMG 2093 was used as a reference.
DNA-rRNA hybridization. High-molecular-weight DNA was purified by CsCl gradient centrifugation, denatured, and fixed on cellulose nitrate filters (type SM 11358; Sartorius, Göttin-gen, Germany) as described previously (11) . A 3H-labeled 23s rRNA probe was prepared from Sinorhizobium ternnga ORS 22 by in vivo labeling with [5,G-3H] uracil in medium C containing (per liter) 30 g of glucose, 3 g of peptone, 3 g of (NH,),SO,, 0.2 g of KH,PO,, 0.8 g of K,HPO,, 0.1 g of CaSO,.2H,O, loF4 g of FeC13.6H,0, and 5 X loF3 g of Na,MoO,-2H,O. The specific activity of the probe was 160,000 dpm. The 23s rRNA probe was prepared and purified as described previously (19) . The following other rRNA probes were available from members of our research group: 3H-labeled 23s rRNA from R. meliloti LMG 6130 and 3H-labeled 23s rRNA from strain LMG 6123. Hybridizations were performed as described by De Ley and De Smedt (11) . The temperature at which 50% of the DNA-rRNA hybrid was denatured under standard conditions [Tmce,] was the decisive taxonomic parameter.
Analysis of 16s rRNA genes. The 16s rRNA gene sequences of the following five strains were determined: Sinorhizobium ternnga ORS 22 and ORS 100gT (T = type strain), strains ORS 1001 and ORS 1002, and Sinorhizobium saheli ORS GogT. A large fragment of the 16s rRNA gene (positions 21 to 1521; E. coli numbering system [3] ) was amplified by a PCR and sequenced directly as described previously (43, 44) . The sequences determined, together with reference sequences obtained from the EMBL data library, were aligned by using the PILEUP, PRETTY, and UGLY programs in the Genetics Computer Group sequence analysis package (13) . The align-ment was verified and corrected manually. In all, a continuous stretch of 1,401 positions (including gaps) was used for further analysis. Distances were calculated by using the DNADIST program of the Phylogeny Inference Package (16) . The programs DNABOOT, NEIGHBOR, and CONSENCE of the same package were used to produce an unrooted phylogenetic tree. Similarity values were calculated by using the GAP program in the Genetics Computer Group package.
DNA-DNA hybridization. DNA-DNA hybridizations were performed by the initial renaturation rate method (10) . Renaturations experiments in which approximately 50 pg of DNA per ml was used were carried out at 79.8"C, which is the optimal renaturation temperature in 2X SSC (1X SSC is 0.15 M NaCl plus 0.015 M sodium citrate, pH 7).
Nucleotide sequence accession numbers. The newly determined 16s rRNA sequences were deposited in the EMBL Data Library under accession numbers X68387 to X68391. SDS-PAGE of total bacterial proteins. The SDS-PAGE whole-cell protein patterns of the 80 rhizobia1 isolates obtained from Senegal were scanned and analyzed numerically, together with the patterns of 67 reference strains available in our database, which represented the different Rhizobiuni, Bradyrhizobium, and Rzorhizobirim groups and the new protein electrophoretic clusters identified among the fast growers by Moreira et al. (31) . Representative strains belonging to phenotypic cluster 3 described by Dreyfus et al. (14) (strains ORS 22, ORS 52, and ORS 53) were also included, as were ORS 609' and ORS 611 [the T,,, e ) values of the DNA-rRNA hybrids between strains ORS 609 and ORS 611 and R. meliloti LMG 6130 have been determined previously (14) ]. The reproducibility of the SDS-PAGE technique was checked by including different subcultures of the same strain and different protein extracts of one strain. In all cases such profiles were very similar (the r values were between 93 and 97%). The protein profiles of different colony morphology variants of the same strain (designated t l and t2) were in most cases nearly identical or very similar (e.g., strains ORS 1014tl and ORS 1014t2) ( Fig.  1) (see below) .
RESULTS

Isolation of rhizobia from root nodules of
At or above a mean correlation coefficient (Y value) of 87.5% the different Rlzizobiuni, Bradyrhizobiunz, and Azorhizobium species constitute separate clusters. In addition to the members of the R. loti protein electrophoretic cluster containing the type strain, two other R. loti strains (LMG 6123 and LMG 6124) belong in cluster U (see below). Also at this level most of the clusters of Moreira et al. (31) (designated FM followed by the original cluster numbers) were recovered; the exceptions were (i) cluster FM2, which grouped with one of our clusters (see below); (ii) cluster FM15, which was split up (two strains now belong to a new cluster, while four other strains 9 group together with one representative strain of cluster FM16); and (iii) representative strains of clusters FM17 and FM20, which now belong to a single cluster. Azorhizobium sp. strain LMG 11355 produced a unique protein profile.
A total of 52 of the Senegalese isolates could be placed in three protein electrophoretic clusters (clusters T, S, and U), while the remaining 28 strains were not members of any group. Our results are presented as a similarity dendrogram in Fig. 1 . For the sake of clarity, most of the 28 ungrouped Senegalese isolates are not included in Fig. 1 ; the only exception is strain ORS 1096, which is the closest relative of cluster U as determined by its protein profile. Representative profiles are shown in Fig. 2 .
Clusters S and T exhibit high levels of similarity with each other and with the R. meliloti protein gel electrophoretic cluster. Cluster T is composed of 10 isolates originating from Sesbailia spp. and 13 isolates originating from Acacia spp. Cluster S is composed of five isolates originating from Sesbaizia SPP.
Cluster U consists of 24 Senegalese isolates that originated from Acacia spp. (including 20 strains obtained from Acacia senegal) and contains four subclusters (subclusters U1 to U4) and one separate strain (ORS 1002). Cluster FM2 of Moreira et al. (31) , which contained five strains of Brazilian rhizobia and R. loti LMG 6123 and LMG 6124, belongs in cluster U (subclusters U3 and U4, respectively).
Morphological and physiological characteristics. All of the cluster S, T, and U isolates were fast growers and grew at temperatures up to 40°C. Cluster U strains grew at temperatures up to 42"C, and most of the cluster S and T strains grew at temperatures up to 44°C. Most of the strains had one or several polar or subpolar flagella.
Host specificity. The host range of cluster U strains is more or less restricted to Acacia, Leucanea, and Neptunia species, while the S and T strains are more promiscuous and are found in Sesbania, Acacia, Leucaeiza, and Neptunia species (27).
Numerical analysis of auxanographic results. All of the new isolates (except strains ORS 20, ORS 1073, ORS 10, and ORS 13) were tested for utilization of 147 organic compounds as sole carbon sources by using the API 50 system. The reproducibility of the tests was good. The average interstrain similarity values for strains tested in duplicate were between 88 and 92%. Subcultures of the same strain obtained on different dates (and consequently with different Collection of Bacteria of the Laboratorium voor Microbiologie numbers) gave reproducible results (89 to 95%). The results obtained for representative strains belonging to other Rhizobium species and related groups (including representatives of the three Agrobacteiizurz biovars and the genera Oclirobactnm, Phyllobacteriuna, and Mycoplana) were available in the database of our research group and were included in the numerical analysis. The results are shown in Table 2 and in Fig. 3 . At a similarity coefficient of 85%, different clusters could be distinguished, and several of these clusters corresponded to clusters identified by SDS-PAGE pattern analysis. The subgroups of R. tropici (subgroups a and b) did not group together. Representative strains of the two biovars of the genus Agrobacteriuin, Agrobacteriuin rubi, and Agrobacterizim vitis were members of separate auxanographic groups. All Ochrobactiuin anthropi strains investigated clustered together, as did the members of the genera Phyllobacteriuni and MjJcoplnna. The correspondence between gel electrophoretic clusters T and S and the auxanographic groups was excellent; gel electrophoretic cluster U was more difficult to recognize because the auxanographic results obtained for 35 were utilized by all of the strains belonging to the three groups, while 59 were utilized by none. We found that xylitol, glycolate, and Lcitrulline could be used to discriminate among clusters S, T, and U (Table 2) . We compared our results with the data in the database available in our research group, and features that distinguish clusters T, S, and U and other Rhizobiunz species and related genera are shown in Table 2 . We found several features that distinguish clusters T and S and their closest neighbors, R. ineliloti and R. fredii (utilization of erythritol, methyl-xyloside, L-sorbose, dulcitol, methybglycoside, xylitol, D-lyxose, D-tagatose, L-arabitol, 2-ketogluconate, acetate, propionate, isobutyrate, glycolate, m-hydroxybutyrate, aconitate, y-hydroxybenzoate, L-valine, L-serine, L-threonine, trigonelline, L-aspartate, L-lysine, L-citrulline, ß-alanine, and ~~-3-aminobutyrate). R. loti and cluster U could not be distinguished by the results of the auxanographic tests used in this study. On the basis of previously published data and our results obtained with the type strain (Table 2), R. lzuakuii differs from R. loti and other members of cluster U by utilizing D-melibiose, D-fucose, L-fucose, and oxalate.
G+C contents of DNAs. The G+C content ranges for clusters T and U were 60.8 to 61.6 and 62.6 to 63.9 mol%, respectively (Table 3) . Two representative strains of cluster S had a G + C content of 65.7 mol% (Table 3) .
DNA-rRNA hybridization. In order to determine the genetic relationships among clusters S, T, and U and the different Rhizobiunz species, we performed DNA-rRNA hybridization experiments with an rRNA probe from cluster T strain ORS 22 and other rRNA probes available from members of our research group (one from R. ineliloti LMG 6130 and one from strain LMG 6123, representing cluster U). The results are shown in Table 3 .
Cluster U could not be differentiated from R. loti on the basis of DNA-rRNA hybridization data. In fact, strain LMG 6123 has been described as a member of R. loti by Crow et al. (6) and has been used previously (19) to prepare a labeled rRNA probe to differentiate the R. loti rRNA branch that is the most divergent branch (9, 14) in the Rhizobium-Agrobncteriuin rRNA cluster. As expected from their similar protein profiles, cluster T strains had indistinguishable Til+) values when rRNA from strain ORS 22 was used. Both cluster S and cluster T are rather closely related to R. nieliloti.
16s rRNA gene sequencing. The 16s rRNA sequences which we determined were compared with the 16s rRNA sequences of other members of the alpha 2 subclass of the Proteobacteiia available from the EMBL Data Library. Figure 4 is a tree showing the phylogenetic positions of the new isolates within the alpha 2 subclass of the Proteobncteria. Representatives of cluster T strains ORS 22 and ORS 1009' ) and cluster S (strain ORS 609 ) were found to be closely related but nevertheless . I . members of distinct species within the R. fredii-R. ineliloti lineage (level of sequence similarity, 98.9%) corresponding to 17 differences in a comparison of 1,436 bases). The levels of sequence similarity between cluster S and R. nieliloti and between cluster S and R. fredii were 98.3% (24 differences in a comparison of 1,436 bases) and 99.2% (11 differences in a comparison of 1,436 bases), respectively; and the levels of sequence similarity between cluster T and R. ineliloti and between cluster T and R. fiedii were 97.6% (34 differences in a comparison of 1,436 bases) and 98.4% (24 differences in a comparison of 1,437 bases), respectively. For comparison, the level of sequence similarity between R. ineliloti and R. fiedii was 99.0% (15 differences in a comparison of 1,437 bases). Cluster U strains ORS 1001 (subclustek U1) and ORS 1002 (subcluster U2) exhibited high levels of sequence similarity with R. Izualcuii (99.6%) corresponding to 7 differences in 1,430 bases) and R. loti (98.0%, corresponding to 25 differences in 1,436 bases). The level of sequence similarity between R. loti and R. Iiuakuii was 98.3% (24 differences in a comparison of 1,428 bases). The partial sequences (positions 350 to 850) of two representative strains of subclusters U3 (LMG 6123) and U4 (LMG 10056) were also determined, and the close pliylogenetic relatedness of these organisms to strains ORS 1001 and ORS 1002 was confirmed (O or 1 differences in a comparison of 500 nucleotides).
DNA-DNA hybridization. As Table 4 shows, we found high levels of DNA-DNA binding (79 to 100%) within clusters T and S. Representative DNAs of members of clusters T and S did not hybridize to significant degrees with each other or with the DNAs of R. ineliloti and R. fredii (levels of hybridization, less than 25%), which are their closest phylogenetic relatives (Fig. 4) . However, considerable genetic heterogeneity was evident within cluster U. Our hybridization results indicated that strains belonging to subclusters U1 and U2 certainly belong to a single species and that members of subcluster U3 exhibit significant levels of DNA binding (mean, 37%) with members of clusters U1 and U2. For strain LMG 6123 (subcluster U4) the mean level of DNA binding with members of the other subclusters (23%) was not significant (values less than 25% are not significant when the initial renaturation method is used). Representative members of cluster U exhibited no significant level of DNA binding with the type strain of R. loti, which is their closest phylogenetic relative (Fig. 4) . Because the other Rliizobiunz species are further removed from the R. loti subcluster (Fig. 4) , we presumed that there would be no significant levels of DNA-DNA binding between cluster U strains and strains belonging to the other Rhizobium species; consequently, such hybridization experiments were not performed.
DISCUSSION
We used a polyphasic approach to study the taxonomic relationships of new rhizobia1 isolates obtained from Senegal. SDS-PAGE of total proteins was a fast method which was used to identify groups and to compare new results with data obtained from our large database. In order to describe and differentiate the new groups; we performed auxanographic ----+ -+ + + + + -+ 
+ +
As determined by API 50 tests. all strains except Arorhizobiiinz caulinodaiu LMG 6465= grew on L-arabinose, D-xylose, adonitol, D-galactose, o-glucose, o-fructose, and D-arabitOl and did not grow on esculin, inulin, starch, glycogen, n-caproate, heptanoate, caprylate, pelargonate, adipate, pimelate, suberate, azelate, sebacate, levulinate, citraconate, itaconate, mesaconate, benzoate, o-hydroxybenzoate, phthalate, isophthalate, terephthalate, DL-2-aminobutyrate, L-methionine, D-tryptophan, DL-kynurenine, 2-aminobenzoate, 3-aminobenzoate, 4-aminobcnzoate, urea, benzylamine, sarcosine, ethylamine, butylamine, amylamine, and tryptamine. Azorhizobium caulinodans LMG 6465T grew on suberate, azelate, and sebacate and did not grow on L-arabinose, o-xylose, adonitol, D-galactose, D-glucose, D-fructose, o-arabitol, esculin, inulin, starch, glycogen, n-caproate, heptanoate, caprylate, pelargonate, adipate, pimelate, levulinate, citraconate, itaconate, mesaconate, benzoate, o-hydroxybenzoate, phthalate, isophthalate, terephthalate, DL-2-aminobutyrate, L-methionine, D-tryptophan, DL-kynurenine, 2-aminobenzoate, 3-aminobenzoate, 4-aminobenzoate, urea, benzylamine, sarcosine, ethylamine, butylamine, amylamine, and tryptamine.
n is the number of strains studied.
+, all strains are positive; -, all strains are negative; d, less than 95% but more than 5% of the strains are positive. The values are the percentages of positive strains.
Carbon source that gave different results for different groups. e Carbon source that could be used to distinguish Sinorhizobium salieli, Sinorliizohii~in teranga, Sinorliizobium fredii, and Sinorhizobium meliloti. fThe reactions in parentheses are the reactions of the type strains. w. weakly positive. tests with API 50CH, API 50A0, and API 50AA galleries. We identified three groups among the Senegalese isolates, clusters S, T, and U. In our genotypic studies we used DNA-rRNA hybridization and 16s ribosomal DNA sequencing to determine the phylogenetic relationships and DNA-DNA hybridization to determine the species status of the groups. Consistent with the results of reports on tropical rhizobia isolated in Brazil (31) and Sudan (49), we found considerable heterogeneity in the SDS-PAGE protein profiles and phenotypic features of fast-growing rhizobia isolated in Senegal. Except for the members of cluster U (containing cluster FM2 [31] ), the Senegalese isolates were electrophoretically distinct from the protein electrophoretic clusters described by Moreira et al. (31) . A detailed auxanographic characterization of electrophoretic clusters S, T, and U was performed, and the results provided some distinguishing characteristics (Table 2) . Generally, we obtained good correlations with previous carbon source utilization test results (14, 30) , with the following exceptions. With L-phenylalanine, L-threonine, L-alanine, and L-tryptophan our results for R. tropici contradicted the results of MartinezRomero et al. (30) ; and for Rlzizobiuin strains isolated from Sesbaitia spp. the data for p-hydroxybenzoate contradicted data in a previous report (14) . For Azorhizobium spp. we observed more differences with previous results (14) since the organisms did not grow on malonate, maleate, adipate, pimelate, citraconate, L-aspartate, L-lysine, ia-hydroxybenzoate, and glutarate, but did grow on m-lactate and p-hydroxybenzoate. Also, in contrast to the results of Dreyfus et al. (14), we found that most of the cluster T and S strains could grow at 44°C. The reasons for these discrepancies are probably that the previously described results were obtained by classical phenotypic techniques and that we used many more rhizobia1 isolates obtained from Acacia and Sesbarzia species but fewer R. fredii strains than were used in the previous studies. Only the type strain of R. huakziii was included in this study, and the results obtained for this organism agree well with the results described by Chen et al. (4), except that we observed growth on dulcitol and inositol. On the basis of 16s rRNA gene sequencing and DNA-DNA hybridization results, clusters S and T were also shown to be genotypically distinct from each other and from the reference organisms examined. Strains belonging to these two clusters were shown to represent two branches of the R. meliloti-R. jkdii subgroup [Fig. 4 ). Because internally both cluster S and cluster T exhibited high degrees of DNA binding and because no significant levels of DNA binding were detected between clusters S and T or between either cluster and R. meliloti or R. fredii (Table 4) , we concluded that these clusters represent new genospecies. These taxa can be differentiated phenotypically (Table 2 ) from each other, from the other members of the R. ineliloti-R. fredii subgroup, and from the members of the other subgroups of the Agrobacterium-Rhizobiuin group (37, 44, 46) , justifying species status for both groups. As explained previously (46) , profound revision of the genus and species classification of the ~grobacteiium-Rlzizobizini group is inevitable, because some Rhizobium species are phylogenetically more closely related to Agrobacteiium subgroups than they are to other Rlzizobiuin species. The results of polyphasic taxonomic studies which are now available (37; this study) should allow us to propose a general revision of the genera Rhizobium and Agrobacteriuin, as well as two new species for clusters T and S. As discussed previously (46) , revision of the classification of the Agrobacteiiui?z-Ri~obium group could include the description of a separate genus for the R. nzeliloti-R. fredii subgroup (including two new species for clusters S and T); revision of the genus Agrobacteriuin so that it contains the biovar 1 strains, Agrobacteiium vitis, Agrobacterium because of nomenclatural controversy concerning the rearrangement proposed for the genus Agrobncteriiim (2, 37), it is not possible to start a thorough revision of the genera Rhizobium and Agrobacteiiiim before it has been decided whether Agrobacterium ticmefaciens or Agrobacterium radiobacter should be the type species of the revised genus Agrobacteririnz and whether the epithet "rhizogenes" will be retained for the species containing the biovar 2 strains. In the R. meliloti-R.
Sinorhizobium (5) . Although the proposal of Sinorhizobium by Chen et al. (5) has been questioned (18) , the results of the present study demonstrate that R. fredii and R. meliloti, together with clusters S and T, merit a distinct genus. Therefore, we formally propose to emend the genus Sinorhizobiiim and to reclassify R. meliloti as Sinorhizobiiim melilotì comb. nov. In addition, we propose two new species, Sinorhizobium saheli for cluster S strains and Sinorhizobium teranga for cluster T strains. fiedii sublineage ;he nomenclatural changes are less complicated. On the basis of mainly phenotypic criteria, R. fredii has recently been designated the type species of a new genus, The taxonomic position of S. xinjiangensis (5) remains to be determined. We realize the reference to China in the name Sinorhizobium does not apply to all the species proposed here, but we are bound by the rules of nomenclatural priority to use this name. The taxonomic situation of cluster U is more complex because there is considerable genotypic heterogeneity among the strains belonging to this cluster. Preliminary DNA-DNA hybridization data indicated that there are at least two genomic species in cluster U, one containing subclusters U1, U2, and U3 and strain ORS 1002 and one containing subcluster U4. Comparative 16s rRNA gene sequencing data revealed that cluster U strains are phylogenetically closely related. These organisms belong to the R. loti-R. huakuii lineage, and R. loti is a close relative but is nevertheless distinct. At the present time we consider it unwise to assign species status to cluster U because of the absence of distinguishing phenotypic traits. In addition, the 16s rRNA sequence data revealed that this taxon may be closely related to R. huakuii. Additional chromosomal DNA-DNA pairing studies performed with representative strains of cluster U and R. huakuii strains will be necessary to clarify the taxonomic relationships of these organisms.
Cluster U contains strains isolated from diverse plants (different Acacia species, Lotus divaiiaticiu, different Leucaeiia species, and Chainaecrista ensifonnis) in various countries (Senegal, Brazil, and New Zealand). In the study of Chen et al. (4) rather high levels of DNA binding between R. huakuii and isolates obtained from Leucaena leucocephala were found, and it is striking that four of the five Brazilian cluster U isolates were also isolated from Leucaeiia species. Table 2) . Cells produce an acid reaction in mineral salts media containing several carbohydrates. Peptone is poorly utilized. 3-Ketolactose is not produced from lactose. Growth on carbohydrate media is usually accompanied by copious extracellular polysaccharide slime production. The organisms are typically able to invade the root hairs of temperate zone and tropical zone leguminous plants (family Leguminosae) and incite the production of root nodules, where the bacteria occur as intracellular symbionts. All strains exhibit host range activities ("host specificity"). The bacteria are present in root nodules as pleiomorphic forms (bacteriods) which are normally involved in fixing atmospheric nitrogen into a combined form (ammonia) that can be utilized by the host plant. The G+C content of the DNA is 57 to 66 mol% (as determined by the melting method). The type species is Sinorliizobium fsedii.
At the molecular level the genus can be recognized by the sequence of the 16s rRNA genes. (Dangeard 1926) comb. nov. The description of the species is the description given by Jordan (20) . In addition, this species can be differentiated from the other Siizorhizobizmz species by its auanographic characteristics (5) ( Table 2) . At the molecular level it can be differentiated from other Sinorliizobiuin species by its gel electrophoretic protein profiles, by DNA-DNA hybridization data, and by the sequence of its 16s rRNA genes.
Description of Sinorlzizobiurn meliloti
Additional description of Sinorhizobium fredii (Scholla and Elkan 1984) (Chen, Yan and Li 1988).
Descriptions of the species are given by Scholla and Elkan (38) and Chen et al. (5) . In addition, this species can be differentiated from the other Sinorhizobium species by its auxanographic characteristics (5) ( Table 2 ), and on the molecular level it can be differentiated by its protein electrophoretic profiles, by the results of DNA-DNA hybridization experiments, and by the sequence of its 16s rRNA genes.
Description of Sinorhizobium teranga sp. nov. Sinorhizobium teranga (te'raaga. local Wolof [a language of the West African
Wolof people] n. teranga, hospitality; N. L. n. teranga, hospitality, referring to the fact that this species contains strains isolated from different host plants). Aerobic, gram-negative, non-spore-forming rods that are 0.5 to 0.7 pm wide by 1.5 to 2 pm long. Motile by means of one or several polar or subpolar flagella in liquid medium. The cells grow on yeast mannitol medium at temperatures as high as 44°C. Colonies of most strains on YMA are circular, cream colored, semitranslucent, and mucilaginous and sometimes spread over an entire plate within 2 to 4 days. Old colonies turn brown. The exceptions are strains ORS 22 and ORS 613, which produce nonmucilaginous colonies. In some strains nonmucilaginous mutants arise spontaneously during subculturing. A wide range of carbohydrates, organic acids, and amino acids are utilized as sole carbon sources for growth. Features that distinguish this species from other species and related genera are shown in Table 2 . Grows on xylitol but not on L-citrulline and glycolate.
Strains can nodulate Sesbania and Acacia spp., Leucaena leucocephala, and N. oleracea.
At the molecular level this species can be differentiated by the results of DNA-rRNA hybridization experiments, by the SDS-PAGE patterns of proteins, by the results of total DNA-DNA hybridization experiments, and by the sequence of the 16s ribosomal DNA.
The G+C content is 60.8 to 61.6 mol%. Well-studied strain ORS 1009 (= LMG 7854), which was isolated from Acacia laeta, is the type strain, and the characteristics of this strain are shown in Table 2 . All Sinorhizobium teranga strains have been deposited in the Culture Collection of the Laboratorium voor Microbiologie, University of Ghent, Ghent, Belgium, and in the Culture Collection of the Laboratory of Soil Microbiology, ORSTOM, Dakar, Senegal.
Description of Sinorhizobium sakeli sp. nov. Sinorhizobium saheli (sa'he1.i. N.L. gen. n. saheli, of the Sahel, the region in Africa where the organisms were isolated). Aerobic, gramnegative, non-spore-forming rods that are 0.5 to 0.7 pm wide by 1.5 to 2 pm long. Motile by means of one or several polar or subpolar flagella in liquid medium. Grows on YMA at temperatures up to 44°C. On YMA the colonies are circular, white, semitranslucent, and convex. When there is confluent growth, the white centers of the original colonies have a marbled appearance.
A wide range of carbohydrates, organic acids, and amino acids are utilized as sole carbon sources for growth. Distinguishing features are shown in Table 2 . Grows on L-citrulline and glycolate but not on xylitol.
Strains have been isolated from Sesbania species in the Sahel area and can nodulate different Sesbania species, Acacia seyal, Leucaena leucocephala, and N. oleracea.
At the molecular level this species can be differentiated from other Sinorhizobium species and related genera by the results of DNA-DNA hybridization and DNA-rRNA hybridization experiments, by the SDS-PAGE patterns of proteins, and by the sequence of the 16s rRNA genes.
The G+C content of the DNA is 65 to 66 mol%.
Strain ORS 609 (= LMG 7837) is the type strain; the phenotypic characteristics of this organism are shown in Table  2 . All Sinorhizobium saheli strains have been deposited in the Culture Collection of the Laboratorium voor Microbiologie, University of Ghent, Ghent, Belgium, and in the Culture Collection of the Laboratory of Soil Microbiology, ORSTOM, Dakar, Senegal.
